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Abstract
Until recently, research in animal welfare science has mainly focused on negative experi-
ences like pain and suffering, often neglecting the importance of assessing and promoting
positive experiences. In rodents, specific facial expressions have been found to occur in sit-
uations thought to induce negatively valenced emotional states (e.g., pain, aggression and
fear), but none have yet been identified for positive states. Thus, this study aimed to investi-
gate if facial expressions indicative of positive emotional state are exhibited in rats. Adoles-
cent male Lister Hooded rats (Rattus norvegicus, N = 15) were individually subjected to a
Positive and a mildly aversive Contrast Treatment over two consecutive days in order to
induce contrasting emotional states and to detect differences in facial expression. The Posi-
tive Treatment consisted of playful manual tickling administered by the experimenter, while
the Contrast Treatment consisted of exposure to a novel test room with intermittent bursts of
white noise. The number of positive ultrasonic vocalisations was greater in the Positive
Treatment compared to the Contrast Treatment, indicating the experience of differentially
valenced states in the two treatments. The main findings were that Ear Colour became sig-
nificantly pinker and Ear Angle was wider (ears more relaxed) in the Positive Treatment
compared to the Contrast Treatment. All other quantitative and qualitative measures of
facial expression, which included Eyeball height to width Ratio, Eyebrow height to width
Ratio, Eyebrow Angle, visibility of the Nictitating Membrane, and the established Rat Gri-
mace Scale, did not show differences between treatments. This study contributes to the
exploration of positive emotional states, and thus good welfare, in rats as it identified the first
facial indicators of positive emotions following a positive heterospecific play treatment. Fur-
thermore, it provides improvements to the photography technique and image analysis for
the detection of fine differences in facial expression, and also adds to the refinement of the
tickling procedure.
Introduction
There is growing evidence that animals are capable of experiencing and expressing different
emotions or affective states, including those of positive valence, such as happiness or pleasure
[1,2]. Positive emotions have been identified as a critical marker for good animal welfare [1],
thus investigating methods for recognizing both negative and positive emotional states in ani-
mals is essential. In animals, emotional states may be inferred from behaviour [3] including
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vocalisations [4,5], physiology [6], neurophysiology [7] or cognitive biases [8,9]. Moreover,
different emotional states can be expressed through changes in facial expression, as previously
shown in human and non-human primate studies [10–12]. Facial expressions have been recog-
nized in a wide variety of animal species with dissimilar facial musculature, including dogs
[13], horses [14,15], rabbits [16], mice [17] and rats [18,19].
In rats, the development of the Rat Grimace Scale has allowed to identify differences in
facial expression in relation to spontaneous pain induced by injection of irritating substances
and laparotomy [18]. These changes in facial expression have been associated with painful situ-
ations thought to induce negative emotional states [20], thus indicating that rats have the
capacity to modify their facial expression in association to emotional states, at least to physio-
logical pain. In mice, some of the facial expressions related to pain have been identified also in
aggressive and fearful contexts [19] but no study has looked at rat facial expressions in other
than painful situations. To the best of our knowledge no previous research has investigated
facial expressions indicative of positive emotional state in rodents. The rat is an ideal model
for this investigation since positively valenced behavioural aspects, such as conspecific and het-
erospecific play, have been extensively studied in this species [21–24], thus allowing for an eas-
ier implementation of positive experimental treatments.
The communicative function of facial expressions in rodents is still open to debate. Rats
communicate primarily through olfaction [25], touch [26], and vocalisations [27], and only to
a minor extent through visual cues [25]. Thus, the adaptive value of facial expressions as a
means of social communication could be questioned. Preliminary research in mice however
has indicated that lesions of specific brain regions, the activity of which is associated with per-
ceived pain in humans (e.g., the rostral anterior insula; [28]), attenuate facial expressions of
pain, suggesting that a face expressing pain may directly reflect the experience of a negative
emotional state [20]. This in conjunction with the findings that familiar mice mutually affect
their pain behaviour based on each other’s pain status [29] and female mice choose to spend
more time near familiar females in pain [30] leaves open the possibility that mice, and perhaps
rodents in general, may actually pay attention to the facial expressions of conspecifics to gather
information on their emotional state. An alternative adaptive explanation for the function of
facial expressions is that individuals may gain self-directed benefits from exhibiting such
expressions. In the same way as expressions of fear increase sensory exposure (e.g. widening of
the eyes to enhance vigilance) and expressions of disgust decrease it in humans [31], expres-
sions of aggression and/or fear in mice may be aimed at protecting vulnerable parts of the face
(e.g., tightening of eyes, flattening of ears; [19]). Although the existence and functions of posi-
tive facial expressions in rodents are still unexplored, the same adaptive function hypotheses
described for negatively valenced situations could be extended to contexts with positive
hedonic value, like play, sex and feeding. During ‘rough-and-tumble’ play, for example, dyads
of rats compete for access to each other’s nape using visual and tactile cues to detect and
respond to play initiations of their play partner [21]. Considering also that relatively more
playful rats have been found to increase play behaviour of their partner, suggestive of social
contagion [32,33], it is possible that rats may at least partly sense (via sight and/or touch) the
facial expressions of their partner, along with other body postures, to gather information on
the likelihood the partner will initiate play, and how intense the play is likely to be. In contrast,
similarly to research in humans showing that the unconscious induction of one form of smile
contributes to the positive self-assessment of an emotional experience [34], positive facial
expressions in rats may per se induce a more positive hedonic state (e.g., through relaxation of
parts of the face).
Overall, there is general consent on considering positive social interactions, such as play, as
rewarding experiences that can elicit positive emotions in animals [35,36]. Conspecific rough-
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and-tumble play is the most common form of play in juvenile rats [21] and has characteristics
that allow it to be clearly distinguished from true fights [22]. In the attempt to mimic this type
of play within an heterospecific context between a rat and an experimenter, manual tickling
has been developed and studied in relation to the experience of positive emotional state
[23,37]. Tickling induces the same positively valenced ultrasonic vocalisations (USVs) that are
also emitted during conspecific play [4] and has also been found to increase optimistic judg-
ment bias in rats [24]. Therefore, tickling most likely leads to the experience of positive emo-
tional states, the intensity of which can be determined by measuring the number of USVs
emitted by the animals during and between tickling bouts [38].
Rats emit different types of USVs in response to positive and negative situations, thus USVs
represent a promising proxy measure of acute emotional valence [4]. Flat 22 kHz calls are
emitted when rats experience negative stimuli or during avoidance behaviours [39] and are
thus considered to be associated with negative emotional states [27]. On the other hand, fre-
quency modulated (FM) 50 kHz USVs are emitted in situations considered to have an hedonic
value, such as in anticipation of and during play, during sexual behaviour, and following stim-
ulation of brain reward pathways [35,40–42], and thus have been used as indicators of acute
positive emotional state in rats. Therefore, USVs represent a promising measure to identify
rats’ positive or negative emotional states within various experimental conditions including
heterospecific play.
The purpose of this study was to determine if rats exhibit facial expressions indicative of
positive emotional states after experiencing tickling by an experimenter. Using an explorative
approach, a number of qualitative and quantitative measures of facial expressions were scored
and analysed using a procedure similar to the one used in already existing rodent grimace
scales [18,20]. Measured facial expressions were then compared with those expressed by the
same animals in a mildly aversive Contrast Treatment. We hypothesised that if facial expres-
sions reflect inner emotional states, the two different treatments would induce different facial
expressions by the same rat.
Methods
Ethical statement
This study was conducted in compliance with the Swiss regulations on animal experimentation
and formally approved by the Veterinary Office of the Canton of Bern (License no. BE 17/13).
Animals and housing
Subjects were 15 male Lister Hooded rats born from 14 litters. This sample size was based on a
power calculation (GPower, version 3.1.9) with an expected large effect size (Cohen’s dz =
0.8). These animals were selected from a larger pool of 75 rats from 25 litters born at Charles
River Laboratories, Sulzfeld, Germany, based on their response to tickling by the experimenter
(see "Selection of rats for Positive and Contrast Treatments" section). All 75 rats were trans-
ported at weaning (21 ± 1 days of age) to the Division of Animal Welfare, University of Bern,
Switzerland, and randomly sorted into groups of four non-littermates. All rats were specific-
pathogen-free at arrival, in line with the FELASA recommendations for health monitoring of
rodents [43]. After three weeks (43 days of age), all rats were resorted into new groups of three
non-littermates, so that each group consisted of individuals with varying levels of conspecific
playfulness. This procedure was part of a parallel study investigating the development of social
play in relation to individual personality differences [44]. The formed groups remained stable
for the duration of the present study, i.e. between 61 and 75 days of age. Animals were housed
in "Mickey 2 XL" cages (l × d × h: 80 cm × 50 cm × 38 cm; Savic, Belgium). Cage bedding
Facial Indicators of Positive Emotions in Rats
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consisted of wood chips (JRS Lignocel), with three paper towels and three wooden tongue
depressors provided weekly as enrichment. Animals had ad libitum access to standard rodent
food (KLIBA NAFAG, Switzerland) and tap water. Housing room temperature was main-
tained between 21–24˚C and humidity between 50–70%, with a 12:12 h light/dark cycle (lights
off at 9 am). All animals were tested during the dark phase and were identified by their pelage
patterns. At the end of the study some of the rats were adopted as pets, and the remaining rats
were euthanised. For the rats which were euthanised, they were first anaesthetised by means of
isoflurane inhalation, and then euthanised through CO2 inhalation followed by decapitation.
This procedure was in compliance with our experimental licence no. BE 17/13. The experi-
mental design, including subjects and timeline, is shown in Fig 1.
Test arena design and lighting
The test arena (l × d × h: 40 cm × 50 cm × 40 cm) was made of three sides with an open edge
(S1 Fig). Surfaces on the three sides and floor were covered by grey cardstock paper. A grey
background was chosen so that both white and black rat whiskers would be visible from the
photographs taken. The floor and back wall consisted of one longer piece of paper bent into a
concave curve to form an infinity cyclorama. This allowed for photographs to have the most
uniform backgrounds possible. In addition, the curved floor encouraged animals to be closer
to the open end of the test arena, better allowing for close-up photographs. The microphone
for vocalisation recording was suspended 30 cm above the floor of the test arena, allowing for
full coverage of the area (see "Recording and analysis of vocalisations" section for recording
equipment). The test room was lit by built-in fluorescent white lights on the ceiling and an
additional lamp with a 13 Watt bulb was placed adjacent to the test arena. The brightness
within the test arena from these two light sources was 650 lux. This brightness was necessary
in order to take high-speed photographs (see "Photography, selection, and analysis of images"
section). Habituation and Positive Treatment occurred in a test room adjacent to the housing
rooms. The Contrast Treatment occurred in a second test room located in close proximity to
the housing rooms. Both test rooms had the same test arena design and lighting.
Habituation to test conditions and tickling procedure
Handling. All 75 animals were gently handled in their home cage by two experimenters
(K.F. and J.F.L.), with touching, picking up, and some playful tickling. Handling began at 25
Fig 1. Timeline of experimental design. The timeline includes animal handling, habituation, and experimental treatment phases,
indicating number of animals used in each phase.
doi:10.1371/journal.pone.0166446.g001
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days of age (five minutes per cage daily for five weeks) and continued until test arena habitua-
tion began.
Habituation to test arena and lighting conditions. The experimental design required the
animals to be tested under bright light during their active dark phase, thus gradual habituation
to increasing periods of isolation, tickling and light exposure was performed in order to over-
come anxiety.
All 75 animals experienced an eight day habituation procedure. Throughout the habitua-
tion, all three cage mates were removed from the home cage and placed into a standard, trans-
parent Type III cage (Tecniplast, Italy) in the corridor adjacent to the housing rooms, where
they were exposed to 350 lux for two minutes to allow for adjustment to light. The two-minute
adjustment period was sufficient to prevent the display of any strong behavioural signs of dis-
tress (e.g., freezing behaviour, escape attempts) once the rats were placed in the test arena,
which was lit at 650 lux.
First, at 61 days of age, all three cage mates were placed together into the test arena for one
minute. Then each rat was individually placed in the test arena for two consecutive 30 second
periods, while its cage mates were kept in the Type III cage next to the test arena. In the follow-
ing two days, the isolation time in the test arena was gradually increased to two minutes. On
the next three days, all three cage mates were placed together in the test arena and tickled for a
three minute period each day. On the last day of habituation each animal was individually
brought into the test room, without its cage mates being present in the room, and intermit-
tently tickled for two minutes. At the end of each test arena exposure, all rats were returned
immediately to the home cage and rewarded with a piece of sweetened cereal (Honey Loops,
Kellogg’s).
Tickling procedure
Animals were habituated to two different tickling procedures in preparation for the Positive
Treatment. The first was an established method developed by Panksepp and Burgdorf [38]. It
consisted of using one hand to quickly turn the animal on its back and perform rapid, fine-
scale finger movements on its neck, chest, and stomach area, then releasing the animal and
allowing it to right itself (Fig 2a). Tickling was performed for 3–5 seconds before releasing the
animal, and a “tickling bout" consisted of multiple pins, tickles, and releases in a 15 second
period. A second, novel tickling procedure was developed by the experimenter to further
Fig 2. Tickling procedure. The one-handed tickling procedure (a) consisted of one-handed repeated pinning, while rapidly stimulating the underside
with the fingertips. The two-handed tickling procedure (b) consisted of scooping and supporting the animal with both hands, while vigorously tickling the
sides and nape of the neck with the fingertips.
doi:10.1371/journal.pone.0166446.g002
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induce a positive emotional state. Similar to a method used by Rygula et al. [24], where animals
were supported on their backs by one hand and tickled with the other, this procedure consisted
of holding the rat with two hands and focused more on stimulating the sides and nape of the
neck with the fingertips, as the nape is the target of "rough-and-tumble" play in juvenile rats
[45]. Rats were scooped with both hands and tilted backwards in supine position. While sup-
ported by the hands, the sides and nape of the neck were vigorously jiggled with the fingertips
(Fig 2b; see also S1 Appendix for more detail). The FM 50 kHz USVs elicited by this novel
method were as loud as or louder than those elicited by the one-handed method (as observed
by visual inspection of the spectrograms; S2 Fig). Since one-handed tickling had the advantage
of being quite established in the literature, and two-handed tickling had the advantage of pro-
ducing louder positive USVs, a mixture of both one-handed and two-handed tickling was used
in the habituation phase. Within each tickling bout the rat was tickled with two hands once for
3–5 seconds, and tickled with one hand during the remaining bout time.
Selection of rats for Positive and Contrast Treatments
After the habituation phase, an ad hoc selection test was developed and performed to identify
the 15 rats (out of the 75 available rats) which responded most positively to tickling, i.e. those
that could be considered the most suitable candidates to detect differences between Positive and
Contrast Treatments. At 70 days of age, rats were selected following a two-step procedure which
consisted of (i) assessing the number of approach behaviours after tickling in the home cage and
(ii) counting the number of FM 50 kHZ USVs emitted during tickling in the test arena.
The approach behaviour measure was based on previous research showing that rats which
enjoy tickling interactions will pursue the experimenter’s hand after a tickling bout [4]. It con-
sisted of performing one-handed tickling for three seconds on each animal in the home cage
during the dark phase, repeated three times. The animal had to return to the experimenter’s
hand or to the open cage door within five seconds, after each of the three tickling events. Resis-
tance to pinning or a slow return served as the exclusion criteria, and those animals were not
brought to the second part of the selection test.
Qualifying animals (N = 49) were first habituated to light in groups for two minutes and
were then individually placed in the test arena. Over a two minute period, each rat experienced
15 seconds of habituation, followed by four bouts of two-handed tickling, one bout of one-
handed tickling, and a final bout of two-handed tickling. The number of positive and negative
vocalisations were recorded and analysed (see "Recording and analysis of vocalisations" sec-
tion). The 15 animals that emitted the greatest number of positive vocalisations and made no
negative vocalisations were selected.
Positive Treatment: Tickling
The Positive Treatment was used to induce a positive emotional state in rats through tickling
by an experimenter. At 74 days of age, all animals from each home cage experienced habitua-
tion to light for two minutes at 350 lux. Each rat was individually carried by hand into the test
room and placed alone in the test arena for two minutes at 650 lux. During the first 15 seconds,
the rat was untouched and allowed to acclimatise. Then it received one five second period of
two-handed tickling, one of one-handed tickling, and one of two-handed tickling, each sepa-
rated by a ten second pause. The second minute consisted of rapidly alternating one- and two-
handed tickling. It was during the second minute that the experimenter took photographs at
close range of the animal (at a maximum distance of 50 cm), focusing on the face. Precisely,
photographs were taken immediately after a tickling event was finished and when the animal
was upright and facing the camera. Photographs were only taken when positive USVs were
Facial Indicators of Positive Emotions in Rats
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emitted. If no positive USVs were heard, the tickling procedure was repeated. After the two
testing minutes had passed, the animal was returned to its home cage. During testing, the
number and type (positive or negative) of USVs and the presence/absence of faecal boli and
urine were recorded. New paper was placed into the test arena before the Positive Treatment
phase started. Shed hair was swept between animals in order to maintain a clean background
in the photographs.
Contrast Treatment: Novel room and intermittent white noise
The day after the Positive Treatment, a mildly aversive Contrast Treatment was applied in
order to discourage positive USVs and to create contrast photographs to compare to those
taken during the Positive Treatment. All equipment was moved to a different, novel test room
located in close proximity to the housing rooms. The paper lining was replaced, and lighting
and test arena dimensions were recreated to be as similar to the habituation and Positive Treat-
ment test room as possible. Animals were exposed to the novelty of the new room and to inter-
mittent bursts of white noise. White noise was selected as it is a mildly aversive treatment [46]
and would not influence the visual quality of the photographs. White noise with a frequency
range of 0–22 kHz was used, similar to previous research where predictable bursts of white
noise in the 0.05–26 kHz range were used as a stressor on male rats [47].
Each rat was taken directly from the home cage to the second test room in a standard, trans-
parent Type II cage (Tecniplast, Italy). Animals were not gradually habituated to the light of
this test room, contrary to the Positive Treatment, in order to make the Contrast Treatment
more aversive [46]. Each individual was placed in the test arena and not handled during a two
minute period, while intermittent bursts of white noise were played for three seconds every
ten seconds. Similar to the Positive Treatment, animals were photographed at close range and
immediately after each burst of white noise, throughout the two minute period within the test
arena. During testing, the number and type (positive or negative) of USVs and the presence /
absence of faecal boli and urine were recorded. Shed hair was swept between animals. Testing
order was kept the same within Positive and Contrast treatments so that residual odours from
previously tested rats remained similar across treatments for each animal.
The order of Positive and Contrast Treatments was not counterbalanced across animals.
Although the effects of treatment and day of treatment were confounded, this experimental
design presented two advantages. First, it ensured that the rats only had positive associations
with the test arena until and during the Positive Treatment. As the test arena used was the
same for both Positive and Contrast Treatments, exposing animals to the Contrast Treatment
first might have negatively affected the emotional state of rats in the Positive Treatment due to
carry-over of the mildly aversive experience in the test arena during the Contrast Treatment.
Instead, the Positive Treatment was always performed first, following a gradual habituation to
the tickling procedure which ensured positive anticipation across animals at testing during the
Positive Treatment. Second, the aim of the study was to induce the desired emotional state
within each treatment, and to confirm this, USVs were recorded during both treatments.
Thus, it did not matter whether the effect of day contributed to and/or influenced the emission
of USVs, as long as the comparison of USVs between treatments confirmed that the Positive
Treatment induced a positive emotional state, and the Contrast Treatment a non-positive to
mildly negative emotional state.
Recording and analysis of vocalisations
Vocalisations were recorded with the Avisoft-UltraSoundGate 116Hb recorder and a high
quality condenser microphone (Avisoft Bioacoustics, Germany). Recordings had a frequency
Facial Indicators of Positive Emotions in Rats
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range of 5 to 120 kHz, with a sampling rate of 250 kHz and 16 bit resolution. During habitua-
tion and testing, USVs were made audible to the experimenter through a real-time transforma-
tion of frequencies (under-sampling of 10:1).
Vocalisations were counted from spectrograms using the Avisoft-SASLab Pro software
(Avisoft Bioacoustics, Germany). Following Wright et al. [48], spectrograms were created with
a fast Fourier transform (FFT) length of 512 points and overlap of 75% (FlatTop window,
100% frame size). In order to be counted as separate vocalisations, USVs had to be at least 20
milliseconds apart [48]. Positive vocalizations were defined as FM 50 kHz calls containing a
trill component, regardless of whether they contained step, flat, ramp, or jump components
[48]. Trills consisted of at least two "inverted-Us" of rapid frequency oscillations within a
period of five milliseconds [48]. Negative vocalisations were defined as vocalisations with
near-constant frequency ranging from 20 to 25 kHz and lasting from 200 to 2000 ms [48,49].
Photography, selection and analysis of images
In previous studies of rodent facial expression, frames showing the face were grabbed either
manually [20] or automatically [18] from video recordings. This method was considered
unsuitable for the current experimental design, as the quality of video frames would be insuffi-
cient for detecting more subtle differences. Additionally, the tickling procedure allowed the
animal to move across a greater space and depth than in previous studies, which made filming
from a fixed location impractical.
Therefore, we used a hand-held photo camera (Casio Exilim HS EX-ZR800) set to a high-
speed mode capable of capturing up to 30 photographs per second. This shutter speed requires
relatively high light levels in order to focus and capture the images correctly, hence the need to
have bright lighting within the test arena. A flash was not used.
About 100–150 photographs were taken per animal per treatment, creating an available
pool of about 3000 images. Images were discarded if they did not show the face or were blurry.
Moreover, only images of clear profiles (Fig 3a) and quarter (three-quarter) angles (Fig 3b)
were selected for the analysis. Profile angle images allowed for comparisons of quantitative
Fig 3. Examples of profile (a) and quarter (b) images. Profile images were selected for the assessment of quantitative measures as they allowed to
detect more subtle differences across animals and treatments. Quarter images were used for qualitative measures as they showed more of the face
and their assessment was only minimally affected by the head pointing upwards or downwards.
doi:10.1371/journal.pone.0166446.g003
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measures. Quarter angle images were used for qualitative scoring, as they showed more areas
of the face and appeared more standardised (i.e., from this angle the assessment of the face was
minimally affected by the head pointing upwards or downwards) than the images selected in
previous rodent grimace scales [18].
Four Profile angle images per treatment and four Quarter angle images per treatment were
randomly selected for each rat (with the exception of two animals which had only two accept-
able images within one Positive and one Contrast Treatment), resulting in 236 images in total
to score (15 rats × two treatments × two photograph angles). Randomisation was performed
by generating a random sequence of images for each rat, treatment and photograph angle
(www.random.org), and by selecting the first four images of this sequence. All selected images
were cropped in CorelDRAW X7 (64-bit) to only show the head and as little of the body as
possible to avoid potential biases during image analysis. All images were randomized and rela-
belled by a separate experimenter for blinded scoring.
Selection of facial expression measures
The measures taken for image analysis are described in Table 1. Qualitative measures, taken
from quarter images, included established measures from the Rat Grimace Scale [18] and two
novel measures, namely the visibility of the Nictitating Membrane and the intensity of the
pink Ear Colour.
The Rat Grimace Scale was used to assess whether the “Action Units” associated with the
expression of pain [18] were also affected by the states induced in the Positive and/or the Con-
trast treatments. The Nictitating Membrane or "third eyelid" is a membrane that protects the
cornea [50]. It is occasionally visible in Rat Grimace Scale images but has not been specifically
assessed previously; hence it was added as a separate measure. The Ear Colour measure was
added based on preliminary observations of the animals during the habituation phase indicat-
ing that the colour intensity of the ears appeared to change when the animals were habituated
to tickling.
Quantitative measures, taken from profile images, included measures of the width and
height of the eye and eyebrow, and angles of the ear and eyebrow. In rodents, the eyes and ears
have been shown to be particularly expressive areas of the face, changing dramatically in nega-
tively valenced situations [18,19], yet it is unknown whether these can also be affected by
Table 1. Qualitative and Quantitative measures taken for image analysis.
Qualitative—Quarter Images
Orbital Tightening* A narrowing of the orbital area, as partial/complete closure
Nose/Cheek Flattening* A flattening between the cheek and whisker pads
Ear Change* Ears become curled and pointed in shape
Whisker Change* Whiskers move away from the face and tend to bunch
Ear Colour Ears become pinker and more flushed
Nictitating Membrane Increased visibility of the membrane at the front of the eye
Quantitative—Profile Images
Eye Ratio Eyeball height divided by eyeball width
Eyebrow Ratio Height from the bottom of the eyeball to the brow ridge, divided by eyeball width
Eyebrow Angle Measure of the openness of the eye via eyebrow angle
Ear Angle Measure of the position of the tilted ear along the face
* Measures from Rat Grimace Scale [18].
doi:10.1371/journal.pone.0166446.t001
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positively valenced situation. Therefore, by measuring these areas of the face quantitatively, we
aimed to detect more subtle changes compared to qualitative assessments.
Qualitative measures
The facial regions which were scored based on the Rat Grimace Scale included Orbital Tight-
ening, Nose/Cheek Flattening, Ear Change, and Whisker Change (scores between 0–2 for each
facial region; see [18]).
Furthermore, two novel qualitative measures were taken, namely the variation in intensity
of the ears’ pink colour and the visibility of the Nictitating Membrane. These were scored on
the same three point scale as the Rat Grimace Scale measures.
Ear Colour was scored by judging the paleness or “pinkness” of the skin on the external flap
of the ear. Only specific areas of the ear, the pigment-free inner skin and leading edge of each
ear were used for scoring (Fig 4). As this measure was novel, practice scorings were carried out
and scoring guides prepared (see S2 Appendix).
Variation in overall image colour occurred due to the nature of the high-speed photogra-
phy. Although care was taken to maintain identical lighting conditions between the two treat-
ment rooms, images from the Contrast treatment were darker than those from the Positive
treatment, possibly due to animals in the Positive Treatment spending more time close to the
edge of the test arena (i.e., closer to the camera) after tickling bouts. As this could potentially
Fig 4. Areas of the ear to score for Ear Colour from quarter images. Ear colour should be determined by looking at the leading edge of the ear flap
(dotted line) and lighter skin on the interior side of the flap (solid line). Both ears should be observed for colour, with preference given to the more visible
ear. The ear canal, if visible, should not be used to determine colour, and shadows within folded over ears need to be considered as they may darken
the skin inside the ear.
doi:10.1371/journal.pone.0166446.g004
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affect Ear Colour scoring, images classified as too dark were not included in the analysis, and
the remaining images were colour corrected using Microsoft Office Picture Manager (2006
Microsoft Corporation). All images were edited in order to have uniform white balance, which
allowed to minimise the influence of temperature differences (variation in colour along the
blue-yellow axis) across images on scoring [51].
The visibility of the Nictitating Membrane was scored by judging how visible the white-col-
oured nictitating membrane was at the front of the eye (see S3 Appendix for scoring guide).
Quantitative measures
Quantitative measures were taken in CorelDRAW X7 using the "Parallel Dimension" tool to
measure eye width and height in millimetres and the "Angular Dimension" tool to measure
Eyebrow and Ear Angle (Fig 5). Eye width was the diameter of the iris, measured across the
horizontal centre of the eye (Fig 5c, measure v). Eye height was the distance from the bottom
to the top of the iris (Fig 5a, measure iii). Eye Ratio was eye height divided by eye width to
detect a change in eye openness. Eyebrow height was measured from the bottom of the eyeball
to the middle of the lightly furred "brow" above the eye (Fig 5b, measure iv). Eyebrow Ratio
was the result of eyebrow height divided by eye width to detect a raising of the brow. Ratios
allowed for consistent measurements across images cropped to different sizes. Therefore, only
the calculated ratios were analysed.
Eyebrow Angle was the angle between the line connecting the back of the eye, midline of
the eye and the tear duct, and the line connecting the back of the eye to the forward point of
the eyebrow (Fig 5a, measure ii). This point is identified by the most forward placed whisker
on the brow (visible when magnified in program). Ear Angle was the angle between the line
connecting the bottom of the ear canal to the tip of the nostril and the line connecting the bot-
tom of the ear canal to the tip of the ear (Fig 5a, measure i).
Intra- and Inter-rater reliability
For all measures, intra-observer reliability was assessed by rescoring every fifth image (20% of
all images) by the same experimenter (K.F.). Quantitative and qualitative measures that
Fig 5. Examples of quantitative measures. a) Ear Angle (i), Eyebrow Angle (ii), and eye height (iii) are illustrated. b) Eyebrow height (iv) is measured
from the bottom of the eyeball to the middle of the brow. c) Eye width (v) was the diameter of the visible iris.
doi:10.1371/journal.pone.0166446.g005
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showed a significant treatment effect were rescored (all images) by a second experimenter
(J.L.) for the assessment of inter-rater reliability.
Categorical data (qualitative measures) reliability was assessed using Cohen’s Kappa tests.
Only reliability coefficients greater than 0.6 (indicating “substantial” to “perfect” agreement;
[52]) were considered acceptable. Continuous data (quantitative measures) reliability was
measured using intraclass correlation (ICC). ICC was calculated using a two-way mixed design
assessing the absolute agreement of the mean of the ratings [53,54]. Only ICC coefficients
greater than 0.6 (indicating “good” to “excellent” agreement; [55], and with a lower bound of
the 95% confidence interval (CI) greater than 0.5, were considered to be acceptable.
If either Cohen’s Kappa or ICC coefficients were lower than 0.6, the rater was retrained
with scoring guides and testing for reliability was repeated.
Data analysis
Statistical analyses were performed using R (version 3.2.1.) and SPSS (version 22). Ordered
logistic regressions and linear mixed-effects models were used for the analysis of qualitative
and quantitative measures, respectively. To adequately reflect dependencies in the experimen-
tal design, all models had treatment as fixed effect, while random effects were image nested in
treatment nested in rat. Model assumptions were assessed by graphical inspection of the resid-
uals. We verified normal distribution and homogeneity of variance for the linear models, and
homogeneity of variance for the ordered logistic regressions. Treatment effect on positive USV
frequencies was assessed using a paired t-test. Transformation of the data was not necessary
for any of the models used.
The measures Orbital Tightening, Nose/Cheek Flattening, Whisker Change, Ear Change,
negative USV frequencies, faecal boli frequencies and presence/absence of urination had only
(or almost only for Ear Change) "0" scores / frequencies in both treatments, thus only a
descriptive analysis was performed for these measures. Familywise error rate resulting from
the analysis of the seven remaining outcome measures was controlled for using Bonferroni
correction, after which the threshold p value for significance was set to 0.007. This correction,
being a more conservative approach against familywise error rate, ensured that any significant
findings would most likely represent true differences.
Data are presented as score percentages for the qualitative measures, and as Mean (M) and
Standard Error of the Mean (SEM) for the quantitative measures and positive USV frequencies.
Results
Validity of Positive and Contrast Treatments
Rats emitted a higher number of positive USVs in the Positive Treatment (M = 115.87,
SEM = 10.29, range: 44–188) compared to the Contrast Treatment (M = 1.07, SEM = 0.63,
range: 0–8; t(14) = - 10.96, p< 0.001; Fig 6). Negative vocalisations, faecal boli, or urination
did not occur in any of the treatments.
Intra-rater reliability of qualitative and quantitative measures
Cohen’s Kappa tests assessing intra-rater reliability of qualitative measures showed that there
was perfect agreement for Orbital Tightening, Nose/Cheek Flattening, and Whisker Change
measures (κ = 1.00) and substantial agreement for Nictitating Membrane visibility (κ = 0.76)
and Ear Colour (κ = 0.80, p< 0.001). Reliability was found not to be acceptable for Ear Change
(κ = 0.22). The rater was therefore retrained, and after a second rescoring of all images for Ear
Change, reliability improved to perfect agreement (κ = 1.00).
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Intra-rater reliability of the quantitative measures as assessed by intraclass correlation coef-
ficient was good for Eyebrow Angle (ICCaverage = 0.80; CI lower bound = 0.54) and excellent
for eyeball width (ICCaverage = 0.99; CI lower bound = 0.98), eyeball height (ICCaverage = 0.99;
CI lower bound = 0.98), eyebrow height (ICCaverage = 0.99; CI lower bound = 0.98), and Ear
Angle (ICCaverage = 1.00; CI lower bound = 1.00).
Treatment effects—Qualitative measures
All statistics for the qualitative measures are summarised in Table 2.
Rat Grimace Scale measures. Orbital Tightening, Nose/Cheek Flattening, and Whisker
Change measures had only "0" scores in both treatments. Similarly, Ear Change measure had
only "0" scores, with the exception of six "1" scores and two "2" scores in the Contrast Treat-
ment. Therefore, these measures were not further analysed.
Ear Colour and Nictitating Membrane. Ear Colour scores were significantly higher in
the Positive Treatment than in the Contrast Treatment (χ21 = 32.04, p< 0.001; Fig 7). The Nic-
titating Membrane visibility scores did not vary significantly between Positive and Contrast
Treatments (χ21 = 0.52, p = 0.47).
Treatment effects—Quantitative measures
All statistics for the quantitative measures are summarised in Table 3.
Fig 6. Boxplot showing the frequencies of positive USVs emitted by the rats during Positive and
Contrast Treatments. The box represents the middle 50% of the data, while the upper and lower whiskers
show the extreme data points, excluding outliers (starred dots). The horizontal line within the box represents
the median, while the square dot shows the mean.
doi:10.1371/journal.pone.0166446.g006
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There was no significant difference between Contrast and Positive Treatments for Eye
Ratio (F1,14 = 0.39, p = 0.54) and Eyebrow Ratio (F1,14 = 0.29, p = 0.60). Eyebrow Angle also
did not significantly differ between Contrast and Positive Treatments (F1,14 = 0.001, p = 0.98).
Ear Angle was significantly wider in the Positive Treatment than in the Contrast Treatment
(F1,14 = 19.66, p< 0.001; Fig 8).
Inter-rater reliability for Ear Colour and Ear Angle
Cohen’s Kappa test showed substantial inter-rater agreement for Ear Colour (κ = 0.73).
However, inter-rater reliability for Ear Angle was not acceptable (ICCaverage = 0.80; CI
lower bound = -0.17), thus the rater with slightly poorer intra-rater reliability for this mea-
sure (J.L.; ICCaverage = 0.99; CI lower bound = 0.98) rescored all profile images a second
time after an additional session of training. The inter-rater reliability for Ear Angle after
rescoring was excellent (ICCaverage = 0.98; CI lower bound = 0.96).
Discussion
The aim of this study was to determine if rats exhibit facial expressions indicative of a positive
emotional state after experiencing tickling by an experimenter. The experimental treatments
appeared to have induced the desired positive emotional state, as shown by the greater number
of positive vocalisations emitted in the Positive compared to the Contrast Treatment. The
main findings were that Ear Colour became significantly pinker in the Positive Treatment and
Ear Angle was wider in the Positive Treatment, while all other measures of facial expression
did not show differences between treatments. Furthermore, methodological improvements
were made in the photography technique and tickling procedure.
Table 2. Summary of descriptive and inferential statistics for the qualitative measures.
Outcome measure Model Scores Proportions [%] Test statistic P-value 1
Positive Contrast
Orbital Tightening Descriptive analysis 0 100 100
1 0 0 n/a n/a
2 0 0
Nose/Cheek Flattening Descriptive analysis 0 100 100
1 0 0 n/a n/a
2 0 0
Whisker Change Descriptive analysis 0 100 100
1 0 0 n/a n/a
2 0 0
Ear Change Descriptive analysis 0 100 86.2
1 0 10.3 n/a n/a
2 0 3.4
Ear Colour Ordered logistic regression 0 3.3 53.4
1 25.0 39.7 χ21 = 32.04 < 0.001 *
2 71.7 6.9
Nictitating Membrane Ordered logistic regression 0 40.0 55.2
1 48.3 36.2 χ21 = 0.52 0.47
2 11.7 8.6
1 Critical p-value after Bonferroni correction for multiple hypotheses testing: p = 0.007.
* Denotes significant difference.
doi:10.1371/journal.pone.0166446.t002
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Validity of experimental treatments
The aim of the two experimental treatments was to induce two different emotional states in
order to detect differences in facial expression. The Positive Treatment aimed at inducing an
acute positive emotional state while the Contrast Treatment was performed to ensure the ani-
mals experienced a non-positive to mildly negative emotional state.
Rats emit FM 50 kHz USVs almost exclusively in situations having a hedonic value [35,40–
42]. All rats emitted a high number of these USVs in the Positive Treatment, while they made
few or no positive USVs in the Contrast Treatment.
Fig 7. a) Stacked bar chart showing Ear Colour score percentages within Positive and Contrast Treatments.
A score of 0 corresponds to “not present”, a score of 1 to “moderately present” and a score of 2 to “obviously
present”. b) Example images representative of Ear Colour in the Positive (left) and Contrast (right)
Treatments.
doi:10.1371/journal.pone.0166446.g007
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Table 3. Summary of inferential statistics for the quantitative measures.
Outcome measure Model Mean ± SEM Test statistic P-value 1
Positive Contrast
Eye Ratio Linear mixed-effects model 0.933 ± 0.012 0.941 ± 0.0089 F1,14 = 0.39 0.54
Eyebrow Ratio Linear mixed-effects model 1.28 ± 0.012 1.29 ± 0.013 F1,14 = 0.29 0.60
Eyebrow Angle Linear mixed-effects model 41.1˚ ± 0.52 41.1˚ ± 0.36 F1,14 = 0.001 0.98
Ear Angle Linear mixed-effects model 127˚ ± 1.3 112˚ ± 1.5 F1,14 = 19.66 < 0.001 *
1 Critical p-value after Bonferroni correction for multiple hypotheses testing: p = 0.007.
* Denotes significant difference.
doi:10.1371/journal.pone.0166446.t003
Fig 8. a) Boxplot showing the Ear Angle of rats during Positive and Contrast Treatments. The box represents
the middle 50% of the data, while the upper and lower whiskers show the extreme data points, excluding
outliers (starred dots). The horizontal line within the box represents the median, while the square dot shows
the mean. b) Example images representative of Ear Angle in the Positive (left) and Contrast (right)
Treatments.
doi:10.1371/journal.pone.0166446.g008
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During the tickling procedure, rats emit positive vocalisations both while being tickled and
during pauses between tickling bouts, and the number of positive USVs emitted in these two
phases of the tickling procedure are positively correlated [56]. In this study, rats were photo-
graphed during pauses between tickling bouts and only while they were emitting positive
USVs, to ensure that the hedonic effect of tickling could be captured in the photographs with-
out any influence from the tickling manipulation by the experimenter.
Indicators of severe anxiety and stress were absent during both treatments. Animals did not
produce any 22 kHz USVs indicative of negative emotional state [39], nor did they produce
faecal boli or urinate [57], thus both treatments were not strongly aversive.
Therefore, it can be concluded that the Positive Treatment was successful in inducing a pos-
itive emotional state, and the Contrast Treatment was successful in inducing a more neutral,
non-positive emotional state.
Qualitative measures
Qualitative scoring was comprised of the established Rat Grimace Scale [18] together with two
novel measures, Ear Colour and the visibility of the Nictitating Membrane. We found that Ear
Colour was significantly pinker in the Positive compared to the Contrast Treatment, while the
Rat Grimace Scale measures and the Nictitating Membrane visibility were not affected by
treatments.
Images of animals in the Positive Treatment were rarely scored as 0 (not present) for Ear
Colour, while the majority of them were scored as 2 (obviously present). This indicates that to
a certain degree all rats in the study had ears showing a flushed, pink colour as a result of the
Positive Treatment (yet see potential limitations of image assessment in Photography section).
At normal body temperature (37˚C), rat ears appear "pale" in colour, with faintly visible
blood vessels [58]. Conversely, ears appear "pinker" as a consequence of an increased dilatation
of vessels in the skin [59]. This vasodilatation could stem from a variety of conditions occur-
ring in the Positive Treatment.
First, blood vessels within the rat ear dilate when "the ear itself [. . .] is rubbed between the
fingers" ([58], p. 313). Therefore, the occasional physical stimulation of the ears against the
floor of the test arena or fingertips during the tickling procedure could have increased vasodi-
latation. However, the ears were at no point the target of the tickling procedure, thus it appears
unlikely that the pinker colour observed in the Positive Treatment was mainly or exclusively
caused by physical stimulation of the ears.
Second, the physical exertion of tickling may have contributed to an increase in heart rate.
Locomotor activity positively correlates with heart rate in the rat [60], and increased heart rate
is linked to increased vasodilatation in the body [61], which may have induced the change in
ear colour. Thus, differences in physical activity between treatments could explain Ear Colour
change.
Lastly, besides physical activity, heart rate and thus vasodilatation can also increase due to
(positive) emotional arousal. For example, when conditioned to anticipate a food reward, rats
show a significant increase in heart rate while consuming the reward [62]. Although heart rate
is mainly a measure of emotional arousal rather than valence [63,64], the increased vasodilata-
tion within the ears together with the simultaneous emission of FM 50 kHz vocalisations may
reflect physiological changes in the body indicative of a positive emotional state.
The Rat Grimace Scale measures showed no differences between treatments. In both treat-
ments rats exhibited very few or none of the facial expressions indicative of pain, i.e. Orbital
Tightening, Nose/Cheek Flattening, Ear Change, and Whisker Change. This result supports
the conclusion that these grimacing expressions are related to pain [18] or potentially
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associated with negative emotional state more generally as demonstrated in mice [19], but that
they are not expressed when rats experience positive emotional states. In addition, the Rat Gri-
mace Scale measures were minimally affected by the Contrast Treatment which confirms that
this treatment was not strongly aversive to the animals. Finally, since the rats were not squint-
ing during treatments (all Orbital Tightening scores were 0) we can conclude that the lighting
conditions were not highly aversive and that the animals had adjusted to the brightness before
photographs were taken.
The Nictitating Membrane was only moderately to not visible in either treatment. An
increased visibility of the Nictitating Membrane can be interpreted as a non-specific sign of ill-
ness and/or injury in dogs and cats [65], and has been linked to pain-related orbital tightening
in rats [18]. It is therefore possible that the visibility of this membrane may be specific to pain-
related conditions of illness or injury, which would explain the absence of a treatment effect in
our study. Moreover, the visibility of the membrane may be influenced by the direction in
which the rat is looking. This may limit the practicability of this measure since only images
with rats looking in the same direction should be compared with each other.
Quantitative measures
Quantitative measures were used to identify subtle changes in facial expression that could not
be easily detected by eye.
In the Contrast Treatment, ears were orientated forward and had smaller angles compared
to the Positive Treatment, during which the ear angle was wider, with the ears angled more to
the side and the back. Previous research has shown that specific changes in the rats’ ear posi-
tion (ears angled forward or outward) are also indicative of pain [18]. While a similarly wide
ear angle could be observed both in the Positive Treatment in this study and after an acute
pain treatment [18], the ears of rats in acute pain also tended to fold and curl [18] which we
did not observe in our Positive Treatment. In addition, resident mice in a resident-intruder
test showed a flattened ear position [19], which again was not shown in the Positive Treatment.
Therefore, the current study suggests that in rats changes in ear position can occur also in rela-
tion to positive emotional states and can be differentiated from those following a negative
event. Similarly, Proctor and Carder [66] found that dairy cows either held their ears back-
wards or let them hang loosely when being stroked, a treatment that aimed to induce a low
arousal, positive emotional state. Furthermore, sheep let their ears hang loosely during positive
feeding situations [67] and held their ears horizontally along the frontal plane of the head in
neutral, non-negative situations [68]. Despite the differences in the anatomy of the ear among
the above-mentioned species, it appears that ears held to the side and let hang loosely down-
wards and/or backwards (without any folding and curling) may represent a reliable indicator
of positive (or at least non-negative) emotional state across a number of animal species. More-
over, this ear position has been observed in both a low arousal situation (e.g. during stroking;
[66]) and a high arousal situation such as tickling, thus it appears more likely to be a measure
of (positive) emotional valence rather than emotional arousal.
The relatively more pricked ears observed in the Contrast Treatment may be indicative of
an alert state most likely induced by the white noise and/or the novelty of the test room. Rats
exhibit pricked ears when restrained [69], and when exposed to unpredictable white noise,
they show a startled reaction and rear to listen to the sound [47]. Both restraint and sudden
noise can be considered aversive stimuli [47,69], which may lead to the experience of negative
emotional states [70]. Similarly, sheep spent a higher proportion of time orientating their ears
forward while socially isolated [67]. Thus it may be that the pricked ears observed in the Con-
trast Treatment reflected a relatively more tense and/or anxious emotional state compared to
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the Positive Treatment, although the Contrast Treatment appeared to be only mildly aversive
as the rats produced no faecal boli or negative USVs.
The other quantitative measures of eyebrow angle and eye openness showed no significant
differences between treatments. While rats can narrow their eyes when in pain [18], the eye
did not open wider or narrow in the Positive compared to the Contrast Treatment. Therefore,
within our experimental settings, eye openness immediately following a tickling bout did not
seem to be associated with positive emotional state.
Improvements to photography technique and tickling procedure
Photography. A hand-held photo camera was used for capturing facial expressions in
both experimental treatments. Compared to video cameras that were fixed in their position in
other studies on facial expressions [18,20], holding the camera by hand in this study allowed
the experimenter to follow the rats’ movements and adapt the angle of the camera to the posi-
tion of their faces. Moreover, since pictures were taken with the photo camera and not by
frame grabbing from video clips, picture quality was very high, making the identification of
subtle differences in the face possible. However, high-speed photography is vulnerable to varia-
tion in photograph brightness. Despite attempts to maintain identical lighting within both test
rooms, photographs taken during the Contrast Treatment were more likely to be darker than
those taken during the Positive Treatment, possibly because the animals used different areas of
the test arena during the two treatments. This difference in brightness may have an influence
on colour-based scoring systems (i.e. Ear Colour), and images that are too different in bright-
ness should be removed from the analysis and / or colour-corrected to avoid scoring biases, as
done in this study. Additional tools assessing variation in blood flow, such as infrared ther-
mography [71] could also be used in conjunction with Ear Colour scoring.
Furthermore, a relatively high light intensity (650 lux) was required to obtain good quality
images, and this could have potentially affected the response of the rats to the treatments.
However, the light intensity used in this study falls within the range of laboratory room light
conditions [25], and the rats were gradually and extensively habituated to being tickled under
white light. Since, overall, the rats emitted a large number of positive USVs during the Positive
Treatment, we conclude that light intensity at testing is unlikely to have affected our results.
Novel tickling procedure. Tickling in previous studies consisted of either repeatedly pin-
ning the rat to a surface with one hand [38] or holding the rat with one hand, while tickling
with the other [24]. In addition to the method developed by Panksepp and Burgdorf [38], this
study used a novel procedure consisting of scooping the rats with both hands and vigorously
jiggling the sides and the nape of the neck.
Animals appeared to respond more positively (e.g., with louder positive USVs as assessed
by visual inspection of spectrograms; S2 Fig) when handled using the novel tickling procedure.
Due to the relatively hard floor of the test arena, the scooping-and-tilting backwards may have
been more comfortable for the rat compared to a flip-and-pin onto the floor. Rats in this study
were older and heavier compared to previous studies [4,38], so this method may be more
appropriate for older animals. Furthermore, this novel tickling procedure entails greater stim-
ulation of the nape, which is the main target in rough-and-tumble play in rats [21], thus it may
be experienced by the rat as more similar to conspecific play.
Conclusions and further research
The identification of positive facial expressions indicative of positive emotional states in rats
could serve as an alternative to or complementary part of existing methods (e.g., positive
USVs, cognitive bias) to assess positive animal welfare. This study identified two potential,
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preliminary indicators of positive facial expression in rats, namely change in Ear Colour and
Ear Angle, by comparing a positive emotional state induced by playful tickling and a neutral to
mildly negative emotional state induced by exposure to a novel environment and white noise.
Even though potentially being limited to the specific treatments and image assessment meth-
ods in this study, these measures could provide a basis for future research on positive emo-
tional states. Changes in Ear Colour are unlikely to support any communicative function
between rats, as rats have poor colour discrimination and are more active in darkness [25], but
may rather reflect the experience of internal physiological changes. Similarly, changes in Ear
Angle are likely to indicate relaxation of the muscles controlling ear movement during a posi-
tive experience [66,67] which cost less energy compared to situations requiring alertness.
To improve generalisability of our findings, further work on Ear Colour should focus on
disentangling positive emotional valence from the physical activity of tickling. For example,
having a control treatment in which the neck and dorsal spine of the rat are physically stimu-
lated in order to induce negative 22 kHz USVs (e.g., [72]), could serve as a way to measure
emotional valence while controlling for arousal and somatosensory stimulation. Also, further
research should investigate the change in ear posture and colour in relation to a variety of posi-
tive and negative stimuli other than tickling and unpredictable white noise, respectively. For
instance, rats presented with rewarding gustatory stimuli performed rhythmic tongue move-
ments and changes in facial musculature [73], resembling facial expressions made by non-
human primates and human infants when exposed to similar flavours [11]. It would be inter-
esting to investigate whether such tongue protrusions are also associated with changes in ear
angle and colour. With respect to changes in Ear Angle, it would also be interesting to measure
the frequency of changes in ear position and the asymmetry in ear posture through continuous
focal observations [67,68].
Supporting Information
S1 Appendix. Novel Two-Handed Tickling Method.
(DOCX)
S2 Appendix. Ear Colour Scoring Guide.
(DOCX)
S3 Appendix. Visibility of the Nictitating Membrane Scoring Guide.
(DOCX)
S1 Dataset. Dataset.
(XLSX)
S1 Fig. Test arena set-up.
(DOCX)
S2 Fig. Spectrograms of positive USVs during one-handed and two-handed tickling.
(DOCX)
Acknowledgments
We would like to thank Dr. Matthew Leach for providing very useful initial advice on the mea-
surement of facial expressions in rats, and Dr. Eimear Murphy for designing Fig 1. Our thanks
also go to Myriam Siffert and Tina Sommerer for their assistance with animal husbandry, and
to the two Reviewers and the Editor for their useful and constructive comments on the
manuscript.
Facial Indicators of Positive Emotions in Rats
PLOS ONE | DOI:10.1371/journal.pone.0166446 November 30, 2016 20 / 24
Author Contributions
Conceptualization: LM JFL KF HW.
Data curation: KF LM.
Formal analysis: SH LM KF.
Funding acquisition: HW LM.
Investigation: KF JFL LM.
Methodology: KF LM JFL HW.
Project administration: LM.
Supervision: LM HW JFL.
Visualization: KF LM SH.
Writing – original draft: KF LM HW SH.
Writing – review & editing: LM HW KF SH JFL.
References
1. Boissy A, Manteuffel G, Jensen M, Moe R, Spruijt B, Keeling L, et al. Assessment of positive emotions
in animals to improve their welfare. Physiol Behav. 2007 Oct 22; 92(3):375–97. doi: 10.1016/j.physbeh.
2007.02.003 PMID: 17428510
2. Panksepp J. Affective consciousness: Core emotional feelings in animals and humans. Conscious
Cogn. 2005 Mar; 14(1):30–80. doi: 10.1016/j.concog.2004.10.004 PMID: 15766890
3. Briefer EF, Tettamanti F, Mcelligott AG. Emotions in goats: mapping physiological, behavioural and
vocal profiles. Anim Behav. Elsevier Ltd; 2015; 99:131–43.
4. Burgdorf J, Panksepp J. Tickling induces reward in adolescent rats. Physiol Behav. 2001 Jan; 72(1–
2):167–73. PMID: 11239994
5. Briefer EF, Maigrot A, Mandel R, Freymond SB, Bachmann I, Hillmann E. Segregation of information
about emotional arousal and valence in horse whinnies. Sci Rep. 2015; 4:1–11.
6. Reefmann N, Bu¨tikofer F, Wechsler B, Gygax L. Physiology & Behavior Physiological expression of
emotional reactions in sheep. Physiol Behav. Elsevier Inc.; 2009; 98(1–2):235–41.
7. Burgdorf J, Panksepp J. The neurobiology of positive emotions. Neurosci Biobehav Rev. 2006 Jan; 30
(2):173–87. doi: 10.1016/j.neubiorev.2005.06.001 PMID: 16099508
8. Harding E, Paul E, Mendl M. Cognitive bias and affective state. Nature. 2004; 427:312. PMID:
14737158
9. Mendl M, Burman OHP, Parker RM, Paul ES. Cognitive bias as an indicator of animal emotion and
welfare: Emerging evidence and underlying mechanisms. Appl Anim Behav Sci. 2009 May; 118(3–
4):161–81.
10. Ekman P, Friesen WV. Measuring facial movement. Environ Psychol Nonverbal Behav. 1976; 1(1):56–
75.
11. Steiner JE, Glaser D, Hawilo ME, Berridge KC. Comparative expression of hedonic impact: affective
reactions to taste by human infants and other primates. Neurosci Biobehav Rev. 2001 Jan; 25(1):53–
74. PMID: 11166078
12. Parr L, Waller BM, Vick SJ, Bard K. Classifying chimpanzee facial expressions using muscle action.
Emotion. 2007 Feb; 7(1):172–81. doi: 10.1037/1528-3542.7.1.172 PMID: 17352572
13. Waller BM, Peirce K, Caeiro CC, Scheider L, Burrows AM, McCune S, et al. Paedomorphic facial
expressions give dogs a selective advantage. PLoS One. 2013 Jan; 8(12):e82686. doi: 10.1371/
journal.pone.0082686 PMID: 24386109
14. Dalla Costa E, Minero M, Lebelt D, Stucke D, Canali E, Leach MC. Development of the Horse Grimace
Scale (HGS) as a Pain Assessment Tool in Horses Undergoing Routine Castration. Hillman E, editor.
PLoS One. Public Library of Science; 2014 Mar 19; 9(3):e92281.
Facial Indicators of Positive Emotions in Rats
PLOS ONE | DOI:10.1371/journal.pone.0166446 November 30, 2016 21 / 24
15. Wathan J, Burrows AM, Waller BM, McComb K. EquiFACS: The Equine Facial Action Coding System.
PLoS One. Public Library of Science; 2015 Jan 5; 10(8):e0131738.
16. Keating S, Thomas A, Flecknell P, Leach M. Evaluation of EMLA cream for preventing pain during tat-
tooing of rabbits: changes in physiological, behavioural and facial expression responses. Chapouthier
G, editor. PLoS One. Public Library of Science; 2012 Jan; 7(9):e44437.
17. Leach M. The Assessment of Pain Using Facial Expressions in Laboratory Rodents. Proc Meas Behav.
2012;238–40.
18. Sotocinal SG, Sorge RE, Zaloum A, Tuttle AH, Martin LJ, Wieskopf JS, et al. The Rat Grimace Scale: a
partially automated method for quantifying pain in the laboratory rat via facial expressions. Mol Pain.
BioMed Central Ltd; 2011 Jan; 7(1):55.
19. Defensor EB, Corley MJ, Blanchard RJ, Blanchard DC. Facial expressions of mice in aggressive and
fearful contexts. Physiol Behav. Elsevier Inc.; 2012 Dec 5; 107(5):680–5.
20. Langford D, Bailey A, Chanda M, Clarke S, Drummond T, Echols S, et al. Coding of facial expressions
of pain in the laboratory mouse. Nat Methods. Nature Publishing Group; 2010 Jun; 7(6):447–9.
21. Pellis SM, Field EF, Smith LK, Pellis VC. Multiple differences in the play fighting of male and female
rats. Implications for the causes and functions of play. Neurosci Biobehav Rev. 1997 Jan; 21(1):105–
20. PMID: 8994213
22. Panksepp J. The ontogeny of play in rats. Dev Psychobiol. 1981 Jul; 14(4):327–32. doi: 10.1002/dev.
420140405 PMID: 7250521
23. Panksepp J, Burgdorf J. Laughing rats? Playful tickling arouses high frequency ultrasonic chirping in
young rodents. Towar a Sci Conscious III. 1999;231–44.
24. Rygula R, Pluta H, Popik P. Laughing rats are optimistic. PLoS One. 2012 Jan; 7(12):e51959. doi: 10.
1371/journal.pone.0051959 PMID: 23300582
25. Burn CC. What is it like to be a rat? Rat sensory perception and its implications for experimental design
and rat welfare. Appl Anim Behav Sci. 2008 Jul; 112(1–2):1–32.
26. Wolfe J, Mende C, Brecht M. Social facial touch in rats. Behav Neurosci. 2011 Dec; 125(6):900–10. doi:
10.1037/a0026165 PMID: 22122151
27. Brudzynski SM. Ethotransmission: communication of emotional states through ultrasonic vocalization
in rats. Curr Opin Neurobiol. Elsevier Ltd; 2013 Jun; 23(3):310–7.
28. Schweinhardt P, Glynn C, Brooks J, McQuay H, Jack T, Chessell I, et al. An fMRI study of cerebral pro-
cessing of brush-evoked allodynia in neuropathic pain patients. Neuroimage. 2006 Aug 1; 32(1):256–
65. doi: 10.1016/j.neuroimage.2006.03.024 PMID: 16679031
29. Langford DJ, Crager SE, Shehzad Z, Smith SB, Sotocinal SG, Levenstadt JS, et al. Social modulation
of pain as evidence for empathy in mice. Science. American Association for the Advancement of Sci-
ence; 2006 Jun 30; 312(5782):1967–70.
30. Langford DJ, Tuttle AH, Brown K, Deschenes S, Fischer DB, Mutso A, et al. Social approach to pain in
laboratory mice. Soc Neurosci. Taylor & Francis Group; 2010 Jan 22; 5(2):163–70.
31. Susskind JM, Anderson AK. Facial expression form and function. Commun Integr Biol. Taylor & Fran-
cis; 2008 Oct 1; 1(2):148–9.
32. Pellis SM, McKenna MM. Intrinsic and extrinsic influences on play fighting in rats: effects of dominance,
partner’s playfulness, temperament and neonatal exposure to testosterone propionate. Behav Brain
Res. 1992 Sep; 50(1–2):135–45. PMID: 1449641
33. Varlinskaya EI, Spear LP, Spear NE. Social Behavior and Social Motivation in Adolescent Rats. Physiol
Behav. 1999; 67(4):475–82. PMID: 10549884
34. Soussignan R. Duchenne smile, emotional experience, and autonomic reactivity: A test of the facial
feedback hypothesis. Emotion. 2002; 2(1):52–74. PMID: 12899366
35. Vanderschuren LJMJ. How the Brain Makes Play Fun. Am J Play. 2010; 2:315–37.
36. Held SDE, Sˇ pinka M. Animal play and animal welfare. Anim Behav. 2011 May; 81(5):891–9.
37. Panksepp J, Burgdorf J. “Laughing” rats and the evolutionary antecedents of human joy? Physiol
Behav. 2003 Aug; 79(3):533–47. PMID: 12954448
38. Panksepp J, Burgdorf J. 50-kHz chirping (laughter?) in response to conditioned and unconditioned
tickle-induced reward in rats: effects of social housing and genetic variables. Behav Brain Res. 2000
Oct; 115(1):25–38. PMID: 10996405
39. Knutson B, Burgdorf J, Panksepp J. Ultrasonic vocalizations as indices of affective states in rats. Psy-
chol Bull. 2002; 128(6):961–77. PMID: 12405139
40. Burgdorf J, Kroes R, Moskal JR, Pfaus JG, Brudzynski SM, Panksepp J. Ultrasonic vocalizations of rats
(Rattus norvegicus) during mating, play, and aggression: Behavioral concomitants, relationship to
Facial Indicators of Positive Emotions in Rats
PLOS ONE | DOI:10.1371/journal.pone.0166446 November 30, 2016 22 / 24
reward, and self-administration of playback. J Comp Psychol. 2008 Nov; 122(4):357–67. doi: 10.1037/
a0012889 PMID: 19014259
41. Knutson B, Burgdorf J, Panksepp J. Anticipation of play elicits high-frequency ultrasonic vocalizations in
young rats. J Comp Psychol. 1998; 112(1):65–73. PMID: 9528115
42. Makowska IJ, Weary DM. Assessing the emotions of laboratory rats. Appl Anim Behav Sci. 2013 Sep;
148(1–2):1–12.
43. Ma¨hler M, Berard M, Feinstein R, Gallagher A, Illgen-Wilcke B, Pritchett-Corning K, et al. FELASA rec-
ommendations for the health monitoring of mouse, rat, hamster, guinea pig and rabbit colonies in breed-
ing and experimental units. Lab Anim. 2014;0023677213.
44. Lampe JF, Burman OHP, Wu¨rbel H, Melotti L. In preparation.
45. Siviy SM, Panksepp J. Sensory modulation of juvenile play in rats. Dev Psychobiol. 1987 Jan; 20(1):39–
55. doi: 10.1002/dev.420200108 PMID: 3556783
46. Katz RJ, Roth KA, Carroll BJ. Acute and chronic stress effects on open field activity in the rat: implica-
tions for a model of depression. Neurosci Biobehav Rev. 1981 Jan; 5(2):247–51. PMID: 7196554
47. De Boer SF, Van der Gugten J, Slangen JL. Plasma catecholamine and corticosterone responses to
predictable and unpredictable noise stress in rats. Physiol Behav. 1989 Apr; 45(4):789–95. PMID:
2780849
48. Wright JM, Gourdon JC, Clarke PBS. Identification of multiple call categories within the rich repertoire of
adult rat 50-kHz ultrasonic vocalizations: effects of amphetamine and social context. Psychopharmacol-
ogy (Berl). 2010 Jul; 211(1):1–13.
49. Miczek KA, Van Der Poel AM. Long Ultrasonic Calls in Male Rats Following Mating, Defeat and Aver-
sive Stimulation: Frequency Modulation and Bout Structure. Behaviour. Brill; 1991 Jan 1; 119(1):127–
42.
50. Butler A, Hodos W. Comparative Vertebrate Neuroanatomy: Evolution and Adaptation, 2nd Edition.
John Wiley & Sons; 2005. 215 p.
51. Liu YC, Chan WH, Chen YQ. Automatic white balance for digital still camera. IEEE Trans Consum Elec-
tron. 1995; 41(3):460–6.
52. Landis J, Koch G. The measurement of observer agreement for categorical data. Biometrics. 1977;
33:159–74. PMID: 843571
53. Landers R. Computing Intraclass Correlations (ICC) as Estimates of Interrater Reliability in SPSS. The
Winnower. 2015 Jun 9.
54. Shrout PE, Fleiss JL. Intraclass correlations: Uses in assessing rater reliability. Psychol Bull. 1979; 86
(2):420–8. PMID: 18839484
55. Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed and standardized assess-
ment instruments in psychology. Psychol Assess. 1994; 6(4):284.
56. Melotti L, Bailoo JD, Murphy E, Burman OHP, Wurbel H. Play in rats: association across contexts and
types, and analysis of structure. Animal Behavior and Cognition. Sciknow; 2014.
57. Hall C. Emotional behavior in the rat. I. Defecation and urination as measures of individual differences
in emotionality. J Comp Psychol. 1934; 18:385–403.
58. Grant R. Vasodilation and body warming in the rat. J Physiol. 1963; 167:311–7. PMID: 13949872
59. Bardal SK, Waechter JE, Martin DS. Applied Pharmacology. Elsevier Health Sciences; 2010. 124 p.
60. Buttner D, Wollnik F. Spontaneous short-term fluctuations in the daily pattern of heart rate, body tem-
perature and locomotor activity in the laboratory rat. Lab Anim. 1982 Oct 1; 16(4):319–26 PMID:
7176524
61. Siddiqui A. Effects of Vasodilation and Arterial Resistance on Cardiac Output. J Clin Exp Cardiolog.
2011 Dec 20; 2:170.
62. Inagaki H, Kuwahara M, Tsubone H. Changes in autonomic control of heart associated with classical
appetitive conditioning in rats. Exp Anim. 2005; 54(1):61–9. PMID: 15725682
63. Mendl M, Burman OHP, Paul ES, Mendl M, Oliver HP, Paul ES. An integrative and functional framework
for the study of animal emotion and mood. Proc R Soc B Biol Sci. 2010; 277:2895–904.
64. Zebunke M, Langbein J, Manteuffel G, Puppe B. Autonomic reactions indicating positive affect during
acoustic reward learning in domestic pigs. Anim Behav. Elsevier Ltd; 2011 Feb; 81(2):481–9.
65. Pinney CC. The Complete Home Veterinary Guide. Third Edit. McGraw-Hill; 2000.
66. Proctor HS, Carder G. Can ear postures reliably measure the positive emotional state of cows? Appl
Anim Behav Sci. Elsevier; 2014 Dec 1; 161:20–7.
Facial Indicators of Positive Emotions in Rats
PLOS ONE | DOI:10.1371/journal.pone.0166446 November 30, 2016 23 / 24
67. Reefmann N, Bu¨tikofer Kaszàs F, Wechsler B, Gygax L. Ear and tail postures as indicators of emotional
valence in sheep. Appl Anim Behav Sci. Elsevier; 2009 May 1; 118(3–4):199–207. t
68. Boissy A, Aubert A, De´sire´ L, Greiveldinger L, Delval E, Veissier I. Cognitive sciences to relate ear pos-
tures to emotions in sheep. Anim Welf. Universities Federation for Animal Welfare; 2011; 20(1):47–56.
69. McDougall SJ, Paull JR, Widdop RE, Lawrence AJ. Restraint Stress: Differential Cardiovascular
Responses in Wistar-Kyoto and Spontaneously Hypertensive Rats. Hypertension. 2000 Jan 1; 35
(1):126–9.
70. Rolls ET. On the brain and emotion. Behav Brain Sci. Cambridge University Press; 2000 Apr 1; 23
(2):219–28.
71. Church JS, Cook NJ, Schaefer AL. Recent Applications of Infrared Thermography for Animal Welfare
and Veterinary Research: Everything from Chicks to Elephants. InfraMation 2009. 2009.
72. Brudzynski SM, Ociepa D. Ultrasonic vocalisations of laboratory rats in response to handling and touch.
Physiol Behav. 1992; 52:655–60. PMID: 1409936
73. Grill H, Norgren R. The Taste Reactivity Test. I. Mimetic Responses to Gustatory Stimuli in Neurologi-
cally Normal Rats. Brain Res. 1978; 143:263–79. PMID: 630409
Facial Indicators of Positive Emotions in Rats
PLOS ONE | DOI:10.1371/journal.pone.0166446 November 30, 2016 24 / 24
